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H[SHULPHQWKDVEHHQGRQHXVLQJ7DJXFKLRUWKRJRQDODUUD\/(DFKH[SHULPHQW ZDV FDUULHG RXW ZLWKGLIIHUHQWFRQGLWLRQVRILQSXW
SDUDPHWHUV7KHLQSXWSDUDPHWHUVXVHGIRURSWLPL]DWLRQ DUHSXOVHRQWLPHSXOVHRIIWLPHVHUYRYROWDJHZLUHIHHGZLUHWHQVLRQ
DQGGLHOHFWULF SUHVVXUH7KHUHVSRQVHWDEOHDQGJUH\UHODWLRQJUDGHIRUHDFKOHYHORIPDFKLQLQJSDUDPHWHUV ZHUH HVWDEOLVKHGDQG
WKHEHVWFRPELQDWLRQRISDUDPHWHUVZDVREWDLQHG E\7DJXFKLJUH\UHODWLRQDODQDO\VLV 7KHUHVXOWVUHYHDOHGWKDWRSWLPXP
FRPELQDWLRQRISURFHVVSDUDPHWHUVIRUPXOWL SURFHVV SDUDPHWHURSWLPL]DWLRQE\XVLQJJUH\UHODWLRQDODQDO\VLV ZDVRISXOVHRQ
WLPHOHYHOSXOVHRIIWLPHOHYHOVHUYRYROWDJHOHYHOZDWHUSUHVVXUHOHYHOZLUHIHHGOHYHODQGZLUHWHQVLRQOHYHO




$V QHZHU DQG PRUH H[RWLF PDWHULDOV KDYH EHHQ GHYHORSHG LQ WKH SDVW IHZ GHFDGHV FRQYHQWLRQDO PDFKLQLQJ
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PHDVXUHDWRSWLPDOOHYHO3XULDQG%KDWWDFKDU\\DHPSOR\HG7DJXFKLPHWKRGRORJ\LQYROYLQJWKLUWHHQFRQWURO

















VDPH PDFKLQLQJ FRQGLWLRQV<DQ DQG 7VDL  FRQGXFWHG WKHLU ZRUN RQ $O2$O FRPSRVLWHV LQ WKH











PLFURJUDSKVRI('0VXUIDFH VXEVXUIDFHDQGGHEULV6DUNDUHWDO SHUIRUPHGH[SHULPHQWV XVLQJ ȖWLWDQLXP
DOXPLQLGH DOOR\ DVZRUNPDWHULDO DQG WKHQ IRUPXODWHGPDWKHPDWLFDOPRGHOV WR SUHGLFW WKH FXWWLQJ VSHHG VXUIDFH
ILQLVK DQG GLPHQVLRQDO GHYLDWLRQ DV WKH IXQFWLRQ RI GLIIHUHQW FRQWURO SDUDPHWHUV 7KH\ GHWHUPLQHG WKH RSWLPDO
SURFHVV SDUDPHWHUV E\ DSSO\LQJ FRQVWUDLQHG RSWLPL]DWLRQ WHFKQLTXH LQ ZKLFK RQH SHUIRUPDQFH FKDUDFWHULVWLF ZDV
RSWLPL]HG FRQVLGHULQJ RWKHUV DV FRQVWUDLQWV $PLQROODK DQG $OLUH]D  XVHG F\OLQGULFDO IRUPV RI KDUG WR
PDFKLQH PDWHULDOV IRU WKHLU H[SHULPHQW $W ILUVW WKH\ GHVLJQHG D SUHFLVH IOH[LEOH DQG FRUURVLRQ UHVLVWDQW URWDU\
VSLQGOHWRURWDWHWKHZRUNSLHFHWRJHQHUDWH IUHHIRUPF\OLQGULFDOJHRPHWULHV,W ZDVIRXQG WKDWSRZHUYROWDJHDQG




KLVH[SHULPHQW WLWDQLXPDOOR\VDQGFHPHQWHGFDUELGHZHUHPDFKLQHG 9LQRG .XPDUHWDO  LQYHVWLJDWHG WKH
HIIHFWV RI:('0 SDUDPHWHUV RQPDFKLQDELOLW\ RI QLPRQLF%DVHG RQ WKH H[SHULPHQWDWLRQ:('0 SDUDPHWHUV
QDPHO\ GLVFKDUJH FXUUHQW SXOVH RQ WLPH DQG SXOVH RII WLPH SURGXFHG KLJKO\ QRWLFHDEOH HIIHFWV RQ FXWWLQJ
VSHHG%KDVNDUD5HGG\ HWDO  FRQGXFWHG H[SHULPHQWV RQ ZLUH ('0 FRQVLGHULQJ WZR GLIIHUHQW PDWHULDOV IRU
VDPH SDUDPHWULF YDOXHV DQG FRPSDUHG WKH SHUIRUPDQFH FKDUDFWHULVWLFV LQ WHUPV RI055 DQG 6XUIDFH URXJKQHVV
3DUDPHWHUV VHOHFWHG ZHUH SXOVH RQ WLPH SXOVH RII WLPH EHG VSHHG DQG FXUUHQW DQG IRXQG WKDWPDMRU LQIOXHQFLQJ
IDFWRU ZDVFXUUHQW %DVHGRQWKHUHVXOWVLW ZDV UHFRPPHQGHGWKDWWKH(1PDWHULDOVXLWDEOHIRUEHWWHU0557KHQ
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WKH 66  PDWHULDO ZDV UHFRPPHQGHG WR REWDLQ EHWWHU VXUIDFH %DVLO DQG -RVHSK .XQMX  FRQGXFWHG
H[SHULPHQWVLQ O (OHFWURQLFXOWUDFXW6PDFKLQHXVLQJPPEUDVVZLUHDVHOHFWURGH3XOVHRQWLPHSXOVHRII
WLPH YROWDJH DQG ZDWHU SUHVVXUH ZHUH WKH IRXU SDUDPHWHUV VHOHFWHG IRU LQYHVWLJDWLRQ 7KH SXOVH RQ WLPH DQG
GLHOHFWULFZDWHUSUHVVXUH ZHUHIRXQG WREHWKH PRVWVLJQLILFDQWIDFWRUVRQWKHVXUIDFHURXJKQHVVYDOXH




SHUIRUPDQFHFKDUDFWHULVWLFV VXFKDVPDWHULDO UHPRYDO UDWHDQGVXUIDFHURXJKQHVV IRU WKH:('0SURFHVVFRXOGEH
LPSURYHGE\VHWWLQJWKHYDULRXVSURFHVVSDUDPHWHUVDWWKHLURSWLPDOOHYHOV5DM\DODNVKPLDQG 9HNDWD5DPDLDK
FRQGXFWHG H[SHULPHQWVZLWKHLJKWSURFHVVSDUDPHWHUVSXOVHRQWLPHSXOVHRIIWLPHFRUQHUVHUYRYROWDJHZLUHIHHG
ZLUH WHQVLRQ GLHOHFWULF IORZ UDWH VSDUN JDS YROWDJH DQG VHUYR IHHG WR EH YDULHG LQ WKUHH GLIIHUHQW OHYHOV *UH\
UHODWLRQDO DQDO\VLV ZDV FDUULHG RXW DQG IRXQG SXOVH RQ WLPH ZDV WKH PDMRU LQIOXHQFLQJ IDFWRU IRU055 VXUIDFH
URXJKQHVV DQG VSDUN JDS5RKLW*DUJ  FRQGXFWHG H[SHULPHQW RQ+ KRW GLH VWHHO SODWH DQG IRXQG RXW WKH
LQIOXHQFLQJSDUDPHWHUVIRUUHVSRQVHVE\XVLQJXWLOLW\FRQFHSW5HVXOWV UHYHDOHG WKDWSXOVHRQ WLPH SXOVHRIIWLPHDQG
SHDNFXUUHQW ZHUH WKHVLJQLILFDQWSDUDPHWHUV ,WLVIRXQGIURPWKHOLWHUDWXUHYHU\IHZDXWKRUVFRQGXFWHG RSWLPLVDWLRQ




:LUH HOHFWULFDO GLVFKDUJH PDFKLQLQJ :('0 LV D VSHFLDOL]HG WKHUPDO PDFKLQLQJ SURFHVV FDSDEOH RI DFFXUDWHO\
PDFKLQLQJ SDUWV RI KDUG PDWHULDOV ZLWK FRPSOH[ VKDSHV 3DUWV KDYLQJ VKDUS HGJHV WKDW SRVH GLIILFXOWLHV WR EH
PDFKLQHGE\WKHPDLQVWUHDPPDFKLQLQJSURFHVVFDQEHHDVLO\PDFKLQHGE\:('0SURFHVV7KH$,6,PDWHULDO
RIPP[PP[PPVL]HKDVEHHQXVHGDVDZRUNSLHFHPDWHULDOIRUWKHSUHVHQWH[SHULPHQWV7KHVHOHFWLRQ
RI WKH $,6,  VWDLQOHVV VWHHO ZDV PDGH WDNLQJ LQWR DFFRXQW LWV XVH LQ DOPRVW DOO LQGXVWULDO DSSOLFDWLRQV IRU
DSSUR[LPDWHO\RIWKHZRUOG¶VVWDLQOHVVVWHHOSURGXFWLRQDQGFRQVXPSWLRQ,WKDVZLGHUDQJHRIDSSOLFDWLRQVLQ
WKHDUHDRIZLUH('0 ,WKDVYDULHGSUDFWLFDODSSOLFDWLRQV LQ WKHPDQXIDFWXULQJ RI FRPSRQHQWV XVHG LQFU\RJHQLF
YHVVHOVHYDSRUDWRUVKRVSLWDO VXUJLFDOHTXLSPHQWPDULQHHTXLSPHQW IDVWHQHUVQXFOHDUYHVVHOV IHHGZDWHU WXELQJ
YDOYHVUHIULJHUDWLRQ HTXLSPHQW HWF7KHFKHPLFDOFRPSRVLWLRQRI WKLVPDWHULDO$,6,LVJLYHQLQ7DEOH 7KH
:('0 H[SHULPHQWV ZHUH FRQGXFWHG LQ (OHFWURQLFD XOWUD FXW 6 PDFKLQH RI(OHFWURQLFD 0DFKLQH 7RROV /WG
LQVWDOOHGDW.HOWURQ7RRO URRP5HVHDUFKDQG 7UDLQLQJFHQWUH$URRU.HUDOD XVLQJPPEUDVVZLUHDV WKH WRRO
HOHFWURGHDQGGHLRQL]HGZDWHUDVGLHOHFWULF IOXLG3XOVHRQ WLPHSXOVHRII WLPH6HUYRYROWDJHGLHOHFWULFSUHVVXUH
ZLUHIHHGDQGZLUHWHQVLRQ ZHUHWKHVL[:('0SDUDPHWHUVVHOHFWHGIRULQYHVWLJDWLRQV$OORWKHUPDFKLQHSDUDPHWHUV
ZHUHNHSWFRQVWDQWGXULQJWKHWLPHRIH[SHULPHQW&XWWLQJ UDWH ZDV GLJLWDOO\GLVSOD\HGRQ WKHVFUHHQRIWKHPDFKLQH
DQG LV JLYHQ TXDQWLWDWLYHO\ LQPPPLQXWHWKH VXUIDFH URXJKQHVV ZDVPHDVXUHG E\0LWXWR\R6XUIWHVW 6-37KH
VSHFLPHQFURVVVHFWLRQLVPHDVXUHGZLWKWKHKHOSRID0LWXWR\R¶VGLJLWDOPLFURPHWHUKDYLQJWKHOHDVWFRXQWRI
PPDQGWKHGHYLDWLRQRIWKHPHDVXUHGGLPHQVLRQ ZDV FDOFXODWHGLQSHUFHQWDJHXVLQJWKHIROORZLQJH[SUHVVLRQ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 'HVLJQ RIH[SHULPHQWV
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 7DJXFKLRSWLPL]DWLRQPHWKRGDQGJUH\UHODWLRQPHWKRGRIPXOWL RSWLPL]DWLRQ
,QWKH7DJXFKLPHWKRG61UDWLRLVWKHPHDVXUHRITXDOLW\FKDUDFWHULVWLFVDQGGHYLDWLRQIURPWKHGHVLUHGYDOXH61
UDWLRV ZHUHGHWHUPLQHG IRUPDWHULDOUHPRYDOUDWHODUJHU ±LV WKH EHWWHUFULWHULRQE\XVLQJ HTXDWLRQIRUVXUIDFH
URXJKQHVV DQGGLPHQVLRQDOGHYLDWLRQWKH ±VPDOOHU LV WKH EHWWHUFULWHULRQE\XVLQJHTXDWLRQ
ൌ െ   
ൌ െ   
*UH\ UHODWLRQDO DQDO\VLV KDV EHHQZLGHO\ XVHG WR FRQYHUW PXOWLSOH REMHFWLYH RSWLPLVDWLRQ SUREOHPV LQ WR D VLQJOH
HTXLYDOHQWREMHFWLYHIXQFWLRQ7KHVWHSVLQJUH\UHODWLRQDODQDO\VLVDUH*UH\5HODWLRQ1RUPDOLVDWLRQ 'HWHUPLQDWLRQ
RI GHYLDWLRQ &DOFXODWLRQ RI *UH\ 5HODWLRQDO &RHIILFLHQW*5&'HWHUPLQDWLRQ RI *UH\ 5HODWLRQDO *UDGH *5*
'HWHUPLQDWLRQRIRSWLPXP SDUDPHWHUV*5DM\DOD[PL HWDO
 5HVXOWVDQGGLVFXVVLRQV
7KH H[SHULPHQWDO UHVXOWV IRU PDWHULDO UHPRYDO UDWH VXUIDFH URXJKQHVV DQG GLPHQVLRQDO GHYLDWLRQ DUH JLYHQ LQ
7DEOHH[SHULPHQWVZHUHFRQGXFWHG WR SUHSDUHVTXDUHSXQFKHVRIVL]HîPPVKRZQLQ )LJ ,QWKH
SUHVHQWVWXG\DOOWKHGHVLJQVSORWVDQGDQDO\VLVKDYHEHHQFDUULHGRXWXVLQJ0LQLWDEVWDWLVWLFDOVRIWZDUH
7DEOH ([SHULPHQWDOOD\RXWXVLQJDQ/RUWKRJRQDODUUD\DQG H[SHULPHQWDOUHVXOWV
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)LJ 6TXDUHSXQFKHV RIî PP
7DEOH 61UDWLRYDOXHVIRUWKHH[SHULPHQWDOUHVXOWV
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*UH\ UHODWLRQDO DQDO\VLVZDV FDUULHG E\ IROORZLQJ WKH VWHSV PHQWLRQHG LQ WKH VHFWLRQ  7KH JUH\ UHODWLRQDO
FRHIILFLHQWV DQG WKH JUH\ UHODWLRQ JUDGH DQG 61 UDWLR RI JUH\ UHODWLRQ JUDGH FRQVLGHULQJ WKH ODUJHU LV WKH
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7LV WKH DYHUDJHRIJUH\UHODWLRQJUDGH FRUUHVSRQGLQJ WRDOOWKHUHDGLQJV
)LJ(IIHFWRISURFHVVSDUDPHWHUVRQ*UH\UHODWLRQJUDGH
&RQILUPDWLRQH[SHULPHQW ZDV FRQGXFWHGDWWKHRSWLPXPVHWWLQJVRISURFHVVSDUDPHWHUV7KHRXWSXWFKDUDFWHULVWLFVDW











%HVWOHYHO 9DOXH %HVWOHYHO 9DOXH %HVWOHYHO 9DOXH
 3XOVHRQ7LPH ȝV      
 3XOVHRIIWLPH ȝV      
 6HUYRYROWDJH9      
 'LHOHFWULFSUHVVXUH.JFP      
 :LUHIHHGPPLQ      
 :LUHWHQVLRQ1      
7DEOH2SWLPXPFRQGLWLRQVXVLQJ*UH\ 5HODWLRQDO$QDO\VLV
6O1R 3URFHVV 3DUDPHWHU %HVWOHYHO 9DOXH
 3XOVHRQ7LPHȝƐ  
 3XOVHRIIWLPHȝƐ  
 6HUYRYROWDJH9  
 'LHOHFWULFSUHVVXUH.JFP  
 :LUHIHHGPPLQ  
 :LUHWHQVLRQ1  




 7KH DQDO\VLV RI H[SHULPHQWDO UHVXOWV LV FDUULHG RXW XVLQJ 7DJXFKL¶V RUWKRJRQDO DUUD\ DQG 61 UDWLR 7KH
OHYHORIWKHEHVWRIWKH SURFHVV SDUDPHWHUVRQ PDFKLQLQJRI$,6,6WDLQOHVVVWHHODQGRXWSXWSDUDPHWHUV
PDWHULDOUHPRYDOUDWHVXUIDFHILQLVKDQGGLPHQVLRQDOGHYLDWLRQDUH GHWHUPLQHGE\XVLQJ 61UDWLR
 7KH RSWLPXPSURFHVVSDUDPHWHUVZKLFK SURYLGHPD[LPXPYDOXHRI055 DUH WKLUGOHYHORISXOVHRQWLPH
$ ILUVW OHYHORISXOVHRII WLPH % VHFRQG OHYHORI VHUYRYROWDJH & WKLUG OHYHORIZDWHUSUHVVXUH
'WKLUGOHYHO RIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)
 7KHRSWLPXPSURFHVVSDUDPHWHUVZKLFK PLQLPXPYDOXHRIVXUIDFHURXJKQHVV DUHILUVWOHYHORISXOVHRQWLPH
$WKLUGOHYHORISXOVHRIIWLPH%WKLUGOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHUSUHVVXUH'
ILUVWOHYHORIZLUHIHHG(DQGILUVWOHYHORIZLUHWHQVLRQ)









$PLQROODK0RKDPPDGLDQG$OLUH]D)DGDHL7HKUDQL 6WDWLVWLFDODQDO\VLVRIZLUHHOHFWULFDOGLVFKDUJH WXUQLQJRQPDWHULDO UHPRYDO UDWH´
-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\












0LOOHU 6 ) 6KLK$ - 4X - ,QYHVWLJDWLRQ RI WKH VSDUN F\FOH RQPDWHULDO   UHPRYDO UDWH LQZLUH HOHFWULFDO GLVFKDUJHPDFKLQLQJ RI
DGYDQFHGPDWHULDOV ,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±
3XUL$% %KDWWDFKDU\\D %  $Q DQDO\VLV DQG RSWLPL]DWLRQ RI WKH JHRPHWULFDO LQDFFXUDF\ GXH WR ZLUH ODJ SKHQRPHQRQ LQ
:('0,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±




5DPDNULVKQDQ5 DQG .DUXQDPRRUWK\/ 0RGHOLQJ DQG PXOWLUHVSRQVH 2SWLPL]DWLRQ RI ,QFRQHO  RQ PDFKLQLQJ RI &1& :('0
SURFHVV´ -RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\±
5RKLW*DUJ(IIHFW RISURFHVVSDUDPHWHUVRQSHUIRUPDQFHPHDVXUHVRIZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJ3K'WKHVLV





<DQ % + 7VDL + & +XDQJ ) < /XRQJ / &KRUQJ ([DPLQDWLRQ RI ZLUH HOHFWULFDO GLVFKDUJH PDFKLQLQJ RI $O2S$O
FRPSRVLWHV´,QWHUQDWLRQDO-RXUQDORI0DFKLQH 7RROV	0DQXIDFWXUH±
